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Abstract 

El Arbol del Tule (The Tule Tree: Taxodium mucronatum Ten. [Taxodiaceae]), 
found in Santa Marfa del Tule, Oaxaca, Mexico, is considered to have the largest 
trunk circumference in the world. It has been suggested, however, that this tree may 
be derived from the fusion of multiple individuals. Using random amplified poly¬ 
morphic DNA’s (RAPD’s), we found evidence of genetic uniformity of the Tule tree 
among branches, indicating that the Arbol del Tule in all likelihood is a single genetic 
individual. As such, its claim to title of the tree with largest trunk circumference 
remains unchallenged. 


Resumen 

El Arbol del Tule (Taxodium mucronatum Ten. [Taxodiaceae]), localizado en Santa 
Marfa del Tule, Oaxaca, Mexico, es considerado como el arbol con el tronco mas 
ancho del mundo. Sin embargo, se ha sugerido que este gigantesco arbol podrfa 
haberse formado por la fusion de varios individuos. Utilizando polimorfismos de 
DNA amplificados al azar (RAPD’s) obtuvimos evidencia de uniformidad genetica 
entre las ramas principales del Arbol del Tule, indicando que este arbol esta com- 
puesto de un solo individuo geneticamente. Por lo tanto, el tftulo de el arbol con el 
tronco mas ancho del mundo, para el Arbol del Tule, permanece latente. 


The intimate association between humans and nature can be iden¬ 
tified in the cultural expressions of most civilizations. Plants, es¬ 
pecially those with peculiar features, are closely linked to civiliza¬ 
tions in southern Mexico. Such is the case of El Arbol del Tule (the 
Tule Tree: Taxodium mucronatum Ten. [Taxodiaceae]), found in 
Santa Maria del Tule, Oaxaca, Mexico. This tree has the largest stem 
circumference (45.7 m dbh) in the world. Because of its majestic 
appearance this individual has played an important role in the his¬ 
tory and culture of the local region in southern Mexico. Taxodium 
mucronatum is an abundant tree, 10-30 m tall, commonly growing 
along ravines and small streams. Its abundance and wide distribution 
in in Mexico is reflected in the numerous common names applied 
to this plant: “ahuehuete,” “cipres,” “penjamu,” sabino,” among 
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others (Standley 1922; McVaugh 1992). Besides the Tule tree, there 
are other individuals of this species that presided over relevant his¬ 
toric events, such as “El Arbol de la Noche Triste” (The Tree of 
the Sad Evening) found near Mexico City. According to some nar¬ 
ratives, Cortes cried at the base of this tree after being defeated by 
the Mexica indians in 1520 (Alvear 1976). 

Hall et al. (1990) wrote a detailed literature review of the historic 
significance of the Tule tree and discussed the different types of 
studies undertaken on this tree. It has been suggested that the Tule 
tree may in fact represent the fusion of multiple individuals (Hall et 
al. 1990). Trees composed of different individuals have been re¬ 
ported in nature. One of the more striking examples is in the genus 
Ficus (Moraceae). Thomson et al. (1991) found that single trees of 
strangler figs in Panama, include multiple genotypes, and they are 
formed by the fusion of different individuals. The aggregate tree 
hypothesis of the Tule tree has been recently tested by an isozyme 
analysis of the main branches of this historic tree (Hall et al. 1990). 
Of the 16 loci surveyed in that study, all except Skdh-2 were mono- 
morphic, even in two neighboring trees. In addition, all samples of 
the Tule tree were heterozygous for Skdh-2 (with Skdh-2ab) whereas 
both neighboring trees possessed only Skdh-2b. They concluded that 
heterozygocity of all the main branches of the Tule tree for Skdh- 
2b contrasting with the homozygocity of the two neighboring trees 
for this locus provides strong evidence to support the hypothesis 
that the Tule tree originated from a single seedling. However, the 
low number of loci available for comparison did not rigorously sup¬ 
port the hypothesis that the Arbol del Tule is in fact a single tree. 

Random amplified polymorphic DNA (RAPD’s) has been suc¬ 
cessfully used in a great variety of applications in plants such as 
genetic mapping (Faure et al. 1993; Nelson et al. 1993; Quiros et 
al. 1991), analysis of genetic variation (Tao et al. 1993; Wolf and 
Peters-Van Rijn 1993; Yu and Nguyen 1994), breeding system stud¬ 
ies (Fritsch & Rieseberg 1992), DNA fingerprinting (Adams et al. 
1993; Rieseberg et al. 1994), parentage determination (Welsh et al. 
1991) and identification of molecular markers linked to specific 
traits (Martin et al. 1991; Chalmers et al. 1993), among others. Us¬ 
ing RAPD’s, we tested the hypothesis of genetic unity of the Tule 
tree. If all the main branches of this tree are identical at all RAPD 
loci, then the Tule tree is in all likelihood a single genetic individual. 
In contrast, the discovery of RAPD polymorphisms among branches 
of the Tule tree would support the multiple genotype hypothesis. 
However, for this to be a valid test of these alternative hypotheses, 
it is necessary to demonstrate that sampled loci are polymorphic in 
natural populations of Taxodium mucronatum. Thus, we also com¬ 
pared the results from the Tule tree with variation in two wild pop- 
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Table 1. Populations of Taxodium mucronatum Analyzed for RAPD variation. 
Vouchers are deposited at the herbarium of the University of Morelos (HUMO). 


Population 

designations 

Locality and collection number 

Tule Tree 

“Tule brothers” 
CUERNAVACA 

TEMIXCO 

Santa Maria del Tule, Oaxaca, Mexico, Dorado 2305, Cota 
and Leyva. 

Same locality. Dorado 2306, 2307, Cota and Leyva 

Col. Rancho Tetela, Cuernavaca, Morelos, Dorado 2308, Ra¬ 
mirez, and Flores. 

Puente del Diablo, 2 km al N de Temixco, Morelos, Dorado 
2309, Ramirez and Flores. 


ulations of the same species, as well as with nearby individuals in 
Santa Maria del Tule. 

Materials and Methods 

Fresh leaf tissue was collected from the six main branches of the 
Tule tree of Santa Maria del Tule, Oaxaca, Mexico. In order to detect 
any possible variation we sampled from both nearby populations 
and more distant populations. Two individuals of Taxodium mu¬ 
cronatum found in close proximity (ca. 30 m) were collected, and 
they were designated in this study as “Tule brothers” samples 7 and 
8, respectively. In addition, 15 individuals in each of two distant 
populations in Cuernavaca and Temixco were sampled to assess lev¬ 
els of RAPD variation within wild populations of this species (Table 
1). Leaves were stored on ice and total DNA was isolated from 30 
mg of leaf tissue from each sample. DNA isolations followed Doyle 
and Doyle (1987) with three modifications. First, all volumes were 
reduced to allow isolations to be performed in 1.5 ml microfuge 
tubes. Second, sodium metabisulfite (1% w/v) was added to the 
CTAB buffer. Third, two chloroform extractions were performed. 

Primers known to amplify strongly in plants (Fritsch et al. 1993) 
were used for amplification. Primers were obtained from Operon 
Technologies (Alameda, California) and University of British Co¬ 
lombia Biotechnology Center. Amplification conditions followed 
Williams et al. (1990) and were carried out in a MJ Research thermal 
cycler (Watertown, MA). Amplified products were electrophoresed 
through 1.5% agarose gels using TBE buffer, stained with ethidium 
bromide, and photographed using a UV light source. In order to 
standarize amplification conditions, DNA isolates were quantified 
with a fluorometer (Hoefer), and standardized to 10 ng/pl. We adopt¬ 
ed a conservative approach of scoring only strongly amplified frag¬ 
ments. 

A preliminary survey of primers in search of consistent and re¬ 
liable RAPD amplifications was undertaken using five branches 
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from a single tree from the Cuernavaca population. Of the 104 prim¬ 
ers analyzed, 23 primers gave uniform amplifications of all five 
DNA samples (Table 2). This trial was repeated with five branches 
from a single tree of the Temixco population. The same 23 primers 
were again indicated, and these primers were selected for use in the 
final analysis of the Tule tree and the Cuernavaca and Temixco pop¬ 
ulations. 


Results and Discussion 

A total of 149 fragments was generated, each of which was pre¬ 
sumed to represent a locus. Of these fragments, 31 (22.8%) were 
polymorphic at least within one population (Table 2). However, 
these polymorphisms were detected only in the Temixco and/or 
Cuernavaca populations. None of the six branches of the Tule tree 
showed variation at any of the 149 RAPD loci analyzed. An ex¬ 
ample of the amplified products from UBC primer 103 is shown in 
Figure 1. This primer generated variable fragments in several indi¬ 
viduals, but the six branches of the Tule tree were invariant. 

Although the Tule brothers were similar to the Tule tree, they 
possessed 15 loci that were different with respect to the Tule tree. 
In addition, 12 loci distinguished the two Tule brothers from each 
other. Tule brother 7 different from the Tule tree by 10 loci, whereas 
12 loci distinguished Tule brother 8 from the Tule tree. Thus, Tule 
brother 7 is slightly more similar to the Tule tree than to Tule brother 
8, despite its close geographical distance to Tule brother 8 (ca. 5 m) 
and its larger distance to the Tule tree (ca. 30 m). 

The lack of polymorphism found among the six branches of the 
Tule tree strongly supports the hypothesis that this gigantic tree rep¬ 
resents a single genetic individual. If the Tule tree were in fact a 
population of several individuals, it seems likely that some of the 
23 primers and 149 loci (31 polymorphic) would show variation, as 
they did in the Cuernavaca and Temixco populations, and as they 
did in the Tule brothers. 

It may be argued, given the nature of cone dispersal in Taxodium , 
that a single cone may give rise to several siblings and that the Tule 
tree is an aggregate of siblings. However, Taxodium is wind polli¬ 
nated, sexually reproducing, and monoembryonic (Vasil and Sahni 
1964), and the ovules of a single cone would likely be, fertilized by 
genetically different pollen parents. That no genetic variation was 
detected in the Tule tree suggests that the tree is a single individual 
not a population of siblings. 

Somatic mutation, if it exits in the Tule tree, must surely exist at 
a lower level than the variation found among younger individuals 
in the Cuernavaca and Temixco populations. The fact that we found 


1996] DORADO ET AL.: ARBOL DEL TULE IS A SINGLE INDIVIDUAL 


449 


E 

£ 

§ 

H 

< 


<U 

a 

‘G 

(X 


D 

H 


o 

co 

* ^ 
< « 
c 


w 


<u 


5 o 

o So 
c* O 
53 o 
>- £ 
< ° 
z 52 
< .2 
w CQ 

H .2 

£ a 
£* .2 
S o 
S U 


fi. 


5 'H 

< 03 
W ^ 

JH O 
CO ^ 


gD 

P I 

Is 

II 

y -a 
x g 

CL w 

l§ 
>< „ 
J 

o o 

0U r-H 


§'§* 
CQ 05 

S o 

^ a 
z *5 
. £ 

^ c 
W o 

hJ 

OQ « 

< P" 
H O 


<D 

a 

■G 


vo 

o 


ov 

E 

E 

o 

E 


VO 

Uh 


JO 

Ph 


2 

8 

w 

Ov 

s 


w 

r- 

Q 

ro 

Q 

Ov 

U 


<N 

u 


OQ 

(N 

s 

O 

<N 

< 

00 

< 


Or^H 

O m CN 

O -H -H 

o o o 

O — -H 

o o o 

O O <N 

o <n m 

O O -H 

o o o 

o o o 

o o o 

O ^ -H 

O <N <N 

o o o 

0^0 

o m 

o o -h 

o o -h 

O -H <N 

O (N >—I 

O ro <N 

O -H O 


p 

a 

o 

Oh 


> o 
cd o 

£ •- 

2 H 

3 P & 
HUH 






450 


MADRONO 


[Vol. 43 


8.0 

7.5 



6.0 



TEMIXCO 

BROS 

TULE 

'll 10 9 8 7 6 5 4 3 

2 1 8 7 6 

5 4 3 2 1' 


If 



_ CUERNAVACA _ TEM1XCO 

151413121110 9 8 7 6 5 4 3 2 I 1 *! 5141 31 2 1 





Fig. 1. Electrophorectic patterns of the RAPD products of UBC103 for the Tule 
tree (lanes 1-6), “Tule brothers” 7 and 8 (lanes 7-8), Temixco population (lanes 9- 
22), and Cuernavaca population (lanes 23-38). The fragments 8.0, 7.5 and 6.0 kb are 
polymorphic for several individuals of the Temixco and the Cuernavaca populations. 
The standard molecular marker (kb ladder: Gibco BRL) is in the last lane of both 
gels. 


no variation at any level in the Tule tree samples strongly supports 
the conclusion that the Tule tree is a single genetic individual. 

The results described in this paper show that RAPD markers are 
a powerful tool for the characterization of single individuals. Our 
data confirm that the Tule tree is a single, genetically uniform in¬ 
dividual. As such, its claim to the title of tree with the largest trunk 
circumference in the world is unchallenged, and its significance to 
the people of Santa Maria del Tule is undiminished. 
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NOTEWORTHY COLLECTIONS 

Arizona 

Anthoceros agrestis Patton (Anthocerotae).—Pinal Co., Tonto National Forest, 
north of Hwy 60 at Top-of-the-World, between Superior and Globe. T1S R13E, ca. 
111°00'40"W, 33°24'N, growing in Mule Spring drainage, west of Power’s Gulch in 
a wet seep area along the stream with mosses, liverworts, and orchids, 30 April 1995, 
J. Rebman et al. 2906 (ARIZ, ASC, ASU, DES, SD). 

Previous knowledge. Known to be widespread but more common in the eastern 
parts of the United States where it can occur as a weed in cultivated areas. This 
species of horn wort is not well understood and does have nomenclatural problems. 
The taxon was long known as A. crispulus , but the type specimen proved to be a 
different race of A. punctatus ; more recently it was placed in Aspiromitis punctatus 
var. agrestis , but this name is incorrect based on a typification error (Alan Whittemore 
personal communication 1995). 

Significance. First confirmed record for Arizona and not common in the south¬ 
western USA. The locality where this homwort was found is part of the proposed 
Carlota Copper Mine project and may be destroyed as development occurs. 

—Jon P. Rebman, San Diego Natural History Museum, P.O. Box 1390, San Diego, 
CA 92112 and Wendy C. Hodgson, Desert Botanical Garden, 1201 N. Galvin Park¬ 
way, Phoenix AZ 85008. 



